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METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE 


FIELD OF THE INVENTION 

5 The present invention relates to a method of manufacturing a 

semiconductor device, more particularly, relates to an effective method for forming 
metallic bumps on electrodes for external connections of a semiconductor element. 

BACKGROUND OF THE INVENTION 

10 

yy In a semiconductor device mounted on a circuit board for electronic 

01 equipment, its manufacturing method conventionally followed through the 
y! procedures: 

yj i) circuit pattern forming on a semiconductor wafer and dividing it into 

o 15 each element, 

k= ii) connecting lead frame pins or metallic bumps to electrodes for external 

O connection of a element and, 

iii) packaging the entire element including the connected parts with 
molding resin. 

20 In recent years, however, the method, in which packaging with the 

molding resin is performed before cutting the wafer, has been popular. 
According to the method, a resin layer is formed on a surface of a wafer to make a 
two-layer structure of the wafer and the resin layer. After that, electrodes for 
external connection including metallic bumps are formed on the structure. For 

25 forming metallic bumps, the method in which a conductive ball is mounted on the 
resin layer is generally employed. 


In the two-layer structure having the resin layer over the wafer, there is a 
big difference in thermal expansion between silicon, which is the main material of 
the wafer, and the resin material. The structure often causes distortion due to 
thermal deformation through the addition of heat to the structure. Because of the 
5 distortion, a clearance appears partially between the surface of the resin layer and 
the bottom of a conductive ball held by a carrying head in the step of mounting the 
conductive ball onto the resin layer. It has therefore been difficult to 
appropriately mount conductive balls onto the clearance-developed area. That is, 
the clearance causes conductive balls to slip or fallout from the right position to be 
10 mounted, when conductive balls are set onto the surface of the resin layer and 
released from the carrying head sucking them by vacuum. 

The object of the present invention is to provide a manufacturing method of 
a semiconductor device by protecting a semiconductor wafer from deformation, 
whereby conductive balls are properly mounted on the wafer. 

15 

SUMMARY OF THE INVENTION 


The method of manufacturing a semiconductor device of the present 
invention comprises the following steps: 
20 1) forming a resin layer over the surface of a semiconductor wafer 

having a plurality of semiconductor elements thereon; 

2) forming through-holes in the resin layer; 

3) a first cutting process for cutting either the wafer or the resin layer 
over the surface of the wafer; 

25 4) forming metallic bumps to have electrical conduction with 

electrodes for external connection of the semiconductor element in such a way that 


conductive balls are mounted on the surface of the first cutting-processed resin 
layer; and 

5) a second cutting process where the metallic bump-formed wafer is 
divided into each semiconductor chip. 
5 The semiconductor device of the present invention is manufactured through 

the process steps described above. 

With the steps of the present invention, no distortion due to thermal 
deformation occurs in a semiconductor wafer when a conductive ball is mounted 
on the wafer to form metallic bumps. This allows the conductive ball to be 
10 properly mounted on the distortion-free wafer. 


BRIEF DESCRIPTION OF THE DRAWINGS 


Fig. 1 illustrates process steps of manufacturing a semiconductor device in 
15 a first preferred embodiment of the present invention. 

Fig. 2 illustrates process steps of manufacturing a semiconductor device in 
the first preferred embodiment of the present invention. 

Fig. 3 illustrates process steps of manufacturing a semiconductor device in 
a second preferred embodiment of the present invention. 
20 Fig. 4 illustrates process steps of manufacturing a semiconductor device in 

the second preferred embodiment of the present invention. 

Fig. 5 illustrates process steps of manufacturing a semiconductor device in 
a third preferred embodiment of the present invention. 

Fig. 6 illustrates process steps of manufacturing a semiconductor device in 
25 the third preferred embodiment of the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention are described 
5 hereinafter with reference to the accompanying drawings. 

First preferred embodiment 

Figs. 1 and 2 illustrate the process steps of manufacturing the 
semiconductor device of the first preferred embodiment. Four steps, from (a) 

10 through (d), in Figs. 1 and 2 respectively show the method of manufacturing the 
semiconductor device, following the processing order* In step (a) of Fig. 1, on 
the top surface of wafer 1 having a plurality of semiconductor elements thereon, 
electrodes 2 are formed for external connection. In the next step (b), resin layer 3 
is formed over the electrodes-formed surface of wafer 1. In the present 

15 embodiment, resin materials such as epoxy resins or polyimide resins are 
employed. Processed into a sheet about 200 jum in thickness, the resin material is 
adhered onto the top surface of wafer 1, using an adhesive. Although a sheet of 
resin is employed for forming resin layer 3 in the embodiment, liquid type resin 
may be applied over the electrodes-formed surface uniformly* 

20 Resin layer 3 not only protects the surface of wafer 1 from damage during a 

production process, but also works as a sealing resin even after each 
semiconductor chip V is cut out from wafer 1. For the reason, the material for 
resin layer 3 has to have sealing characteristics for protecting semiconductor chip 
1\ That is, the material to be selected has to satisfactorily serve as a sealing 

25 material, having required properties such as moisture resistance, migration 
resistance, high strength against external forces, and electrical insulation 
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characteristics. Materials conventionally employed for manufacturing a 
semiconductor device meet the conditions. It is also effective to use the resin 
including fillers such as silica or alumina, for ensuring high reliability after a 
semiconductor device is mounted on a circuit board. 
5 Semiconductor wafer 1, on which resin layer 3 is formed, is now carried to 

the thinning process where its back surface is ground. As shown in step (c) of 
Fig. 1, the back surface, which is opposite to the surface having resin layer 3 
thereon, is ground. The thickness of wafer 1, before the grinding, is indicated by 
the broken line in Fig. (c), is ground down to the thickness indicated by the solid 
10 line. As wafer 1 loses its thickness, a mechanical stress is applied to it in the 
grinding step. However, reinforcement by resin layer 3 allows wafer 1 free from 
damaging. 

The next step is forming through-holes in resin layer 3. By irradiating 
laser to the spot corresponding to electrodes 2 on resin layer 3, through-holes 3a 
15 are formed in resin layer 3 so as to reach the surface of electrode 2, as shown in (d) 
of Fig. 1. 

According to the present embodiment, in addition to through-hole forming, 
laser cutting is also processed in step (d). In the cutting process, only resin layer 
3 is divided into each piece, cut along the dividing line for each element with laser. 

20 That is, the through-hole forming step combines with the first cutting step for 
cutting only resin layer 3 to divide it into each piece. This eliminates the need for 
the extra step for cutting the resin layer, allowing resin layer 3 to be cut with giving 
no damage to wafer 1. 

Referring to Fig. 2, now will be described the process of forming a metallic 

25 bump, at through-holes 3a, to have electrical connection with electrode 2. As 
shown in (a) of Fig. 2, solder cream 5 is filled into through-hole 3a with a spatula 
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such as a squeezes After that, solder ball 6 is mounted on solder cream 5 filled 
into through-holes 3a in resin layer 3, using suction head 8 as shown in (b) of Fig. 
2. Solder ball 6, whose composition is the same as that of solder cream 5, serves 
as a conductive ball described in the explanation above, 
5 In a conventional process, there had been a distortion problem due to 

thermal deformation in the two-layered structure of wafer 1 and non-divided resin 
layer 3. However, according to the present embodiment, prior to the process of 
mounting solder ball 6, resin layer 3 is divided at the lines corresponding to each 
pieces, which protects resin layer 3 from occurring distortion due to thermal 
10 deformation. With such a structure, resin layer 3 maintains its top surface to be 
leveled, which ensures suction head 8 to provide an appropriate mounting 
condition when solder ball 6 is mounted thereon. This fact allows solder ball 6 to 
sit properly without inconveniences such as slipping or falling down from the 
required position. 

15 Next, wafer 1 is brought to the reflow process to be heated. By the 

application of heat, solder ball 6 and solder particles contained in solder cream 5 
melt and thereby ball 6 is soldered with the top surface of electrode 2. Through 
this process, metallic bump 7 is formed, reaching to electrode 2 for electrical 
connection via through-holes in resin layer 3, as shown in (c) of Fig. 2. 

20 Wafer 1 with metallic bumps 7 thereon, through the processes above, is 

now ready to be cut. Wafer 1 is cut along the divided position of resin layer 3, 
completely separated into each chip 1\ As shown in (d) of Fig. 2, semiconductor 
device 9 is thus completed, having resin layer 3 over the electrodes-formed surface 
of chip 1 ? , and also having metallic bumps 7 having, through resin layer 3, electric 

25 connection with electrode 2. 


7 

Second Preferred Embodiment 

Figs. 3 and 4 illustrate the process steps of manufacturing the 
semiconductor device of the second preferred embodiment. Four steps, from (a) 
through (d), in Figs. 3 and 4 respectively show the method for manufacturing the 
5 semiconductor device, following the processing order. In the first cutting process 
of the present embodiment, where two layer structure comprising semiconductor 
wafer and resin layer is cut, only the wafer is cut, while in the corresponding 
process of the first preferred embodiment, only the resin layer is cut . 

In step (a) of Fig. 3, on the top surface of wafer 11 having a plurality of 
10 semiconductor elements thereon, electrodes 12 are formed for external connection. 
The next two steps, i.e., resin layer-forming step and wafer 11 grinding step are the 
same as those shown in (b) and (c) steps of Fig. 1 in the first preferred 
embodiment. 

After subjected to steps (b) and (c), wafer 11 is now ready for the through- 
15 holes forming and cutting. Like the corresponding step in the first preferred 
embodiment, the through-holes forming step described here employs laser- 
machining, providing resin layer 13 with through-holes 13a. As shown in (d) of 
Fig. 3, through-holes 13a reach through resin layer 13 to the surface of electrode 
12. At the same time, the step contains the cutting process: grooves 11a are 
20 formed along the dividing line for each element on wafer 11, then wafer 11 is 
divided into each semiconductor chip 11'. This step combines the through-hole 
forming process with the first cutting process where only wafer 11 is divided by 
cutting. 

The metallic bump-forming process comes next, where metallic bumps are 
25 formed at through-holes 13a to make electrical contact to electrodes 12. Like the 
corresponding steps in the first preferred embodiment, solder cream 5 is filled into 
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through-holes 13a as shown in (a) of Fig. 4, then solder balls 6 are mounted on 
through-holes 13a as shown in (b) of Fig. 4. Prior to the step of mounting solder 
ball 6, wafer 11 is divided at the position separating each element, which prevents 
resin layer from occurring distortion due to thermal deformation. This fact 
5 ensures solder balls 6 to sit properly without failure such as slipping or falling 
down from the required position, as in the case of the first preferred embodiment. 

After processed in step (b), wafer 11 with chips 11' still connected together 
by resin layer 3, is brought to the refiow step to be heated, as in the case of the first 
preferred embodiment. By the application of heat, metallic bump 7 is formed on 

10 resin layer 13, reaching through layer 13 to electrodes 12 for electrical connection, 
as shown in (c) of Fig. 4. 

Wafer 11 with metallic bump 7 thereon, i.e., a series of chips ll 7 , is now 
ready to be cut. Resin layer 13 is cut along the dividing line for each chip 11', 
completely divided into an individual piece. As shown in (d) of Fig. 4, 

15 semiconductor device 19 is thus completed, having resin layer 13 over the 
electrodes-formed surface of semiconductor chip 11', and also having metallic 
bumps 7 reached through resin layer 13 to electrodes 12 for electrical connection. 

Third Preferred Embodiment 

20 Figs. 5 and 6 illustrate the process steps of manufacturing the 

semiconductor device of the third preferred embodiment. Four steps, from (a) 
through (d), in Figs. 5 and 6 respectively show the method for manufacturing the 
semiconductor device, following the processing order. According to the present 
embodiment, prior to the resin layer-forming step, grooves are formed on the top 

25 surface of the wafer. After the resin layer is formed, only the wafer is divided by 
grinding the back surface of the wafer. 
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In step (a) of Fig. 5, electrodes 22 for external connection are formed on 
the top surface of semiconductor wafer 21. On the bottom surface of wafer 21, 
resin-made protective sheet 25 is stuck with pressure sensitive adhesive layer 24. 
Protective sheet 25 works as a reinforcing material for wafer 21 in the groove- 
5 forming step described below. 

Wafer 21 reinforced by protective sheet 25 is brought to the groove- 
forming process. In the process, as shown in (b) of Fig. 5, grooves 21a are 
formed on the top surface of wafer 21 along the dividing line for each piece, over 
which resin layer 23 is formed, as shown in (c) of Fig. 5. The resin layer-forming 

10 process is performed in the same manner as the step described in the first preferred 
embodiment. In the present embodiment, it is preferable to use liquid resin to 
form resin layer 23. 

Following to step (c), as shown in (d) of Fig. 5, after removal of protective 
sheet 25 from the bottom surface, wafer 21 is brought to the thinning process. As 

15 in the same way in the first preferred embodiment, the rear surface of wafer 21 is 
removed by grinding. By grinding until the groove that has been formed in step 
(b) of Fig. 5 appears on the back surface, wafer 21 is divided along grooves 21a 
into each semiconductor chip 21 \ In the present embodiment, only wafer 21 is 
divided through the groove-forming and the grinding processes. In other words, 

20 these two processes make up the first cutting process. 

Next, through-holes are formed in wafer 21 by laser machining in the same 
way as in the first preferred embodiment. The metallic bump-forming process 
comes next, where metallic bumps are formed at through-holes 23a to have 
electrical connection with electrodes 22. Like the corresponding steps in the first 

25 and second preferred embodiments, solder cream 5 is filled into through-hole 23a 
as is shown in (c) of Fig. 6, then solder ball 6 is mounted on through-holes 23a as 
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is shown in (d) of Fig. 6. Prior to the solder-ball mounting process, wafer 21 is 
divided into individual pieces corresponding to semiconductor elements, which 
prevents resin layer from occurring distortion due to thermal deformation. This 
fact ensures solder ball 6 to sit properly without failures such as slipping or falling 
5 down from the required position, as in the cases of the previous two embodiments. 

After processed in step (d), wafer 21 with semiconductor chips 21' still 
connected together by resin layer 23, is brought to the reflow process to be heated, 
as in the cases of the previous two embodiments. By the application of heat, 
metallic bumps 7 are formed on resin layer 23, reaching through layer 23 to 

10 electrodes 22 for electrical connection, as shown in (e) of Fig. 6. 

Wafer 21 with metallic bumps 7 thereon, i.e., a series of semiconductor 
chips 21', is now ready to be cut. Resin layer 23 is cut along the dividing line for 
each chip 21', completely divided into an individual piece. As shown in (f) of 
Fig. 6, semiconductor device 29 is thus completed, having resin layer 23 over the 

15 electrodes-formed surface of chip 21', and also having metallic bumps 7 reached 
through resin layer 23 to electrodes 22 for electrical connection. 

In the method of manufacturing semiconductor device, wherein a resin 
layer is formed over the top surface of a semiconductor wafer, and then a metallic 
bump is formed so as to have electrical connection , through the resin layer, with a 

20 semiconductor element, the following is novel in the embodiments of the present 
invention: the first cutting process, where either the wafer or the resin layer is cut, 
is performed prior to the conductive ball mounting process for forming the metallic 
bump. This makes possible not only to efficiently mount conductive balls on a 
plurality of elements on the wafer, but also to prevent the two-layered structure, 

25 which is made of the wafer and the resin layer, from a distortion due to thermal 
deformation. 
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As no distortion occurs, when mounting the conductive balls, the layered 
structure is kept in a good condition. No clearance appears between the resin layer 
and the conductive balls to be mounted thereon, thereby ensuring the balls to sit 
properly without failures such as slipping or falling down from the required 
5 position. In this way, with the manufacturing method of the present invention, 
conductive balls can be easily and effectively mounted on the wafer under 
optimum conditions, which contributes to an increased efficiency and good 
productivity in manufacturing semiconductor devices* Furthermore, combining 
the cutting processes, where either of a resin layer or a wafer is cut, with other 
10 process promises reduced processing costs. 


